Summary. In the Japanese long-fingered bat, Miniopterus schreibersii fuliginosus, spermatozoa in contact with the microvilli of non-ciliated cells in folds in the uterotubal junction appeared normal, while spermatozoa remaining in the uterus degenerated and were engulfed by a massive invasion of polymorphonuclear leucocytes. No leucocytes were seen in the uterotubal junction area. It is suggested that the spermatozoa in this area are being stored, probably until ovulation occurs.
Introduction
In such temperate vespertilionine bats (family Vespertilionidae) as Pipistrellus abramus (Hiraiwa & Uchida, 1956 ), P. pipistrellus (Racey & Potts, 1970) and Myotis lucifugus (Wimsatt, Krutzsch & Napolitano, 1966) spermatozoa introduced into the uterus in the autumn fertilize the ova released in the spring after survival in the uterus for a prolonged period (Racey, 1975 (Racey, , 1979 . In the long-fingered bat, Miniopterus schreibersii fuliginosus, which belongs to the sub¬ family Miniopterinae, however, it has been believed that copulation in mid-October is followed closely by ovulation and fertilization, and that the single ovum discharged from the left ovary only is fertilized immediately although implantation is delayed for a few months (Uchida, 1957) . The California leaf-nosed bat, Macrotus californicus is another rare example of such a delayed development (Bradshaw, 1962) . However, examination of mated specimens kept in the laboratory and isolated from males after capture showed that some females had not ovulated after copulation, and spermatozoa in these females were presumably being stored in the reproductive tract. This study was therefore carried out to investigate sperm storage and the fate of spermatozoa in long-fingered bats.
Materials and Methods
Adult female long-fingered bats (M. s. fuliginosus) were collected at Ibarayama-haikö (an abandoned mine) in the Fukuoka Prefecture and Ohse-dó Cave in the Kumamoto Prefecture in mid-October of [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] . The 29 mated animals were kept healthy in captivity for 1-6 days before use in this study. The reproductive tracts were removed and the tissues promptly placed for 3-6 h in cold 3% glutaraldehyde in 0-2 M-phosphate buffer (pH 7-4). After being thoroughly rinsed with 0-2 M-phosphate buffer (pH 7-4), the tissues were post-fixed with 1% osmium tetroxide in 0-2 M-phosphate buffer (pH 7-4), dehydrated with acetone and embedded in Epon 812. Thick sections (1-5 urn) were stained with toluidine blue and examined with a light micro¬ scope. Thin sections (60 nm) for electron microscopy were doubly stained with uranyl acetate and lead citrate, and examined with an Hitachi HS-9 electron microscope. For scanning electron microscopy, a right uterotubal junction was fixed with 3% glutaraldehyde in 0-2 M-phosphate buffer (pH Fig. 3 . Spermatozoa in the lumen of the colliculus tubaricus. They appear to be free in the lumen or resting against the border of the epithelial cells. Fig. 4 . Cross-section of the intramural part through the section indicated in Fig. 1 Figs 6-8. Electron micrographs of the degenerating spermatozoa in the glandular cavity. Fig. 6 . Spermatozoa which seem to be intact in appearance have no contact with the microvilli of the glandular cells. Fig. 7 . Fusion (arrow-heads) of the plasma and outer acrosomal membranes is a characteristic feature of the degenerating spermatozoon. Fig. 8 . The remnants of the spermatozoa are seen free in the cavity. Fig. 9 . Electron micrograph of the degenerating spermatozoa and leucocytes in the uterine lumen.
Figs 10-12. Electron micrographs of polymorphonuclear leucocytes in the glandular cavity. Fig. 10 . Leucocyte not engulfing spermatozoa. A lobulated nucleus and many granules are recognized. Fig. 11 . Leucocyte losing granules, but with phagosomes including a sperm head which is devoid of acrosome. Fig. 12 . Debris of the residual bodies including the indigestible sperm nuclei in the glandular cavity.
Text- fig. 1 . Diagram of the uterotubal junction, consisting of the intramural part (Ip) and colliculus tubaricus (Ct), of the Japanese long-fingered bat.
copulation, the surviving spermatozoa were concentrated in the lumina of both the colliculus tubaricus (PL 1, Fig. 3 ) and the intramural part of the UTJ (PL 1, Fig. 4) , where most spermatozoa appeared to be free in the lumina or merely resting against the microvilli and cilia of the epithelial cells.
Among the longitudinal folds of the intramural part of the UTJ, narrow, deep diverticula were present (PL 1, Fig. 1 ) and sometimes contained large numbers of spermatozoa (PL 1 , Fig.  4 Although the spermatozoa appeared to be clustered with their heads orientated towards the base of the glandular cavity, a mutual association between the spermatozoa and the microvilli of the epithelial cells, such as was observed in the diverticula of the UTJ, was not seen (PL 3,  Fig.  6 ). Regression of spermatozoa in the glandular cavity began soon after copulation, and the first change occurred in the acrosome (PL 3,  Fig. 7) . Disruption of the acrosome was characterized by fusion of the plasma and outer acrosomal membranes, accompanied by leakage of the acrosomal substance into the glandular cavity. Eventually the fragments of spermatozoa remained free in the glandular cavity (PL 3, Fig. 8 ). Spermatozoa remaining free in the uterine lumen similarly underwent degeneration (PL 3, Fig. 9 ).
When the glandular cavity contained a large number of the spermatozoa, the walls of the uterine glands became the site of a massive invasion of neutrophilic, polymorphonuclear leucocytes with a lobulated nucleus and cytoplasm having many fine granules (PL 4, Fig. 10) . Bodies limited by a membrane and containing the indigestible chromatin of sperm heads could be recognized in leucocytes (PL 4, Fig. 11) , and eventually only debris of the residual bodies remained in the glandular cavity (PL 4, Fig. 12 ).
Discussion
In the Japanese house bat, Pipistrellus abramus, copulation takes place in autumn, and ovulation and fertilization occur in spring; therefore spermatozoa survive in the uterus for a prolonged period (Hiraiwa & Uchida, 1956 ). The uterus is distended greatly by semen, and spermatozoa are arranged with their heads orientated towards and in contact with the uterine epithelium (Nakano, 1928; Hiraiwa & Uchida, 1955) . Racey & Potts (1970) have shown a similar relationship between the uterine microvilli and plasma membranes of adjacent spermatozoa in the European pipistrelle, Pipistrellus pipistrellus.
In the Indian pipistrelle, Pipistrellus ceylonicus chrysothrix, and greater yellow bat, Scotophilus heathi, however, surviving spermatozoa are stored in both the uterus and oviduct (Gopalakrishna & Madhavan, 1971 ; Krishna & Dominic, 1978) . In the flat-headed bats, Tylonycteris pachypus and T. robustula, comparatively few spermatozoa are found in the uterus and most occur in the oviduct where they are orientated with their heads towards the epithelium (Medway, 1972) . The heads of a few of these spermatozoa are embedded in the microvilli or cilia of the oviduct epithelial cells, but those of most spermatozoa are situated in indentations in the luminal surface of the epithelial cells (Racey, Suzuki & Medway, 1975) . In the long-fingered bats in the present study the site of sperm storage in the female reproductive tract was strictly limited to the UTJ, and we suggest that the close relationship between sperm heads and adjacent epithelial cells prolongs the survival of these spermatozoa.
It is believed that an important function of leucocytes appearing in the uterine lumen after copulation is probably to eliminate dead or excess spermatozoa by phagocytosis (Austin, 1957; Yanagimachi & Chang, 1963; Zamboni, 1972) . Therefore, the fact that the infiltration of leucocytes does not occur in P. abramus, the uterus of which is capable of storing spermatozoa throughout winter (Uchida & Mori, 1974) Racey (1975 Racey ( , 1979 has reported that few leucocytes are found in the female reproductive tracts. Hunter, Johnson, Barker, Fahning & Schultz (1971) have shown that a protein isolated from the seminal vesicle of M. lucifugus, in which sperm storage in the uterus is confirmed, seems to inhibit both uterine motility and the phagocytic system. In M. s. fuliginosus a large number of leucocytes was usually found in the uterus after copulation, but there was no infiltration of leucocytes into the UTJ. The mechanism preventing the passage of leucocytes through the UTJ is unclear; anatomical studies of the UTJ in many species, however, indicate that a valve-like structure is present which prevents simple continuity of the lumen be¬ tween the uterus and oviduct (Andersen, 1928; Leonard & Perlman, 1949; Edger & Asdell, 1960 ; Hafez & Black, 1969 ).
In P. abramus, large quantities of semen cause the uterus to swell without the formation of a vaginal plug. In M. s. fuliginosus, however, the volume of semen introduced into the uterine lumen is less because most of the semen ejaculated into the female tract coagulates in the vagina (unpublished observations); almost all the uterine spermatozoa are deposited in the uterine glands, and are thus accessible to early phagocytic activity by leucocytes. As in the rat and mouse (Austin, 1957) , this fate for spermatozoa is consistent with them not being needed for fertilization.
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